Objective: Ischemic stroke is one type of circulatory disturbance caused by blood clots that block blood flow to the brain. One of the impact of ischemia is nerve cell damage due to excitotoxicity. Inhibition of the ionotropic glutamate receptor such as the AMPA receptor, becomes an essential approach to the treatment of ischemia. This study aims to explore the possibility of an Indonesian herbal compound as an AMPA receptor antagonist. Methods: In this study, virtual screening of 2233 herbal compounds was performed by docking method using AutoDock to find the antagonist candidate of AMPA receptor from Indonesian herbal database. The virtual screening method was validated by an area under curve (AUC) of the ROC curve and enrichment factor (EF). Lipinski's Rule of Five was used to filter the screening result. Results: The validation of virtual screening result showed that AUC was 0.9385 and EF 1% was 23.5550. The screening result of Indonesian herbal database showed top five compound sanggenol O, blazeispirol X, progesterone, nimolicinol and boeravinone F (-8.51; -8.39; -8.19; -8.17; -8.08 kcal/mol, respectively) and have interaction with TYR61 and THR91 residues of AMPA receptor. Conclusion: Five compounds of the Indonesia herbal database were shown as hits of AMPA receptor antagonist based on the docking method.
INTRODUCTION
In 2012, WHO reported about 6.7 million deaths in this world caused by stroke. 1 And it was expected to rise to 23.3 million deaths by 2030. 2 Stroke was a cardiovascular disease caused by blood supply disruption to the brain due to rupture of blood vessels (hemorrhagic) or blockage of blood vessels (ischemic). An ischemic stroke, which caused by a blood clot that blocks blood flow to the brain, more frequent which amounted to 87% of all strokes. 3 The previous study reported that stroke disability rate reaches 65%. 4 Disability occurs because the brain's nerve cells were susceptible to the lack of oxygen, leads to the cerebral hypoxia. When hypoxia occurs, ROS levels were increased and cause the degradation of lipid membranes and enzymes as well as DNA damage. Moreover, the synthesis of HIF-1 and BDNF decreases during the development of hypoxia. Damage to nerve cells that occur is irreversible. Thus, it takes a neuroprotective agent to protect brain nerve cells from damage. 5 During this time, neurologic complications of ischemic stroke were overcome by administration of anticonvulsant agents. 6 Glutamate was the major excitatory neurotransmitter in the central nervous system. In ischemia condition, nerve cells undergo activation and induce the released of glutamate in large quantities resulting in excessive stimulation of glutamate receptors.
This can cause dysregulation of AMPA receptors which can result in nerve cell death, called excitotoxicity. 7 Inhibition of the ionotropic glutamate receptor becomes an essential approach to the treatment of brain ischemia. On the other hand, the inhibitor of the NMDA subunit receptor was known to have side effects, (especially the psychotomimetic). None of the NMDA receptor inhibitors succeeds in clinical trials. AMPA receptor inhibitors were not reported to have psychotomimetic effects. Therefore, AMPA receptors can be the target choice for cerebral ischemic drugs. 8 Among the developed AMPA receptor antagonist which accepted in the market was the only perampanel. The number of failures was due to the developed AMPA receptor antagonists inducing severe neurological side effects in epileptic animal models. 9 Furthermore, herbal plants also played important role in treatment. Currently, there was a database of chemical compounds of Indonesian herbal which can be accessed through www.herbaldb.farmasi. ui.ac.id. 10 Previous study about AMPA receptor targets against quinazolinedione sulphonamide derivatives as competitive antagonists has been performed using molecular docking. 11 However, molecular docking of Indonesian herbal databases in competitive AMPA receptor antagonists has never been conducted. Therefore, molecular docking of Indonesian herbal compounds was performed for virtual screening and the results of candidate compounds from Indonesian herbal could be used as active compounds in the further research to be an AMPA receptor antagonist.
MATERIALS AND METHODS

Hardware
The hardware used two computers with following specifications. The first computer has CPU Intel® CoreTM i5-2450M (Intel® CoreTM, USA), GPU Intel® Iris 1536 MB (Intel® CoreTM, USA) and 8 GB DDR3 of RAM directly connected to the internet. This computer has the X Yosemite 10.10 operating system. Monitor (LG, South Korea), mouse and keyboard (Apple Inc., USA). The second computer has processor 2.2 GHz AMD A4-9210 Radeon R3 (AMD Inc., USA), 4 Compute Cores 2C + 2G, GPU AMD Radeon R3 Graphics (AMD Inc., USA), 4 GB DDR4 RAM. This computer has Windows 10 Home Single Language operating system.
Software
The softwares were PyRx 0.9.7 (The Scripps Research Institute, USA), AutoDock Tools 1.5.6 (The Scripps Research Institute, USA), AutoDock 4.2, AutoDock Vina, MarvinSketch, OpenBabel 2.4.0, KNIME 3.5.1, UCSF Chimera 1.12 and LigandScout 4.1.2.
Structure three-dimensional of ligands
Ligands consist of positive control compounds, negative control compounds and herbal compounds. Positive control and negative control compounds were downloaded from DUD-E which can be accessed through www.dude.docking.org. Perampanel and cocrystal ligand 08W ( Figure 1 ) were added to be a positive control. Herbal compounds were obtained from Indonesian herbal database (HerbalDB) and its renewal. This database had total 2233 active compounds.
Structure three-dimensional of macromoleculer
The three-dimensional structure of AMPA receptor was downloaded from RCSB PDB which can be accessed through www.rcsb.org. This macromolecule had PDB ID 3UA8 and resolution 1.9 Å ( Figure 2 ).
Preparation of ligands
The structure of herbal compounds can be downloaded from HerbalDB or KNApSAcK and created manually using MarvinSketch. Then the compounds were saved in *.mol2. Positive controls and negative controls were downloaded from the Directory of Useful Decoys-Enhanced (DUD-E) in the *.mol2.gz.
Preparation of macromolecule
The three-dimensional structure of the AMPA receptor was downloaded from the Protein Data Bank site (www.rcsb.org). The structure chosen based on the inclusion criteria which were from the organism Homo sapiens (human), had good resolution and formed a complex with the ligand. The selected macromolecule has PDB ID 3UA8 and the *.pdb format was downloaded.
Optimization of ligands
The file *.mol2.gz of positive and negative control compound was converted to *.pdbqt accompanied by the addition of polar hydrogen atom using the OpenBabel command in the terminal. Then, the *.pdbqt file was extracted and converted into *.pdbqt format. The optimization of the herbal compound was performed using MarvinSketch. Then, herbal compounds were gifted force field mmff94 and minimization of energy.
Perampanel
Cocrystal ligand 08W 
Optimization of macromolecule
Optimization of macromolecule was performed using AutoDock Tools. Macromolecule was separated from ligands for binding sites to be used and non-standard residues such as waters, metals and others were separated in aims not to disrupt the docking. The optimization was performed by adding a polar hydrogen atom and adding a partial charge of Gasteiger Charge. The result was saved in *.pdb and was converted to *.pdbqt format.
Optimization of docking method
The optimization of the docking method was performed by redocking the cocrystal ligand from macromolecules. The results should have RMSD below 2 Å and the binding free energy should have more negative. The redocking was performed using AutoDock and AutoDock Vina parameters. The grid box with the best value will be used as a grid in the validation.
Validation of virtual screening method
Validation of a virtual screening method was performed by docking positive and negative control compounds on target macromolecules. Validation was performed using AutoDock and AutoDock Vina.
Validation results were determined from the value of ROC and EF.
The docking was performed on the binding sites and the grid was similar to the optimization results. The AutoDock and AutoDock Vina parameters were made varying to obtain the best parameter screening. The AutoDock parameters were grid box dimensions and evaluation of maximum energy values, while the AutoDock Vina parameters were grid box dimension and exhaustiveness.
Virtual screening
Virtual screening was performed by docking the herbal compound on the cocrystal ligand binding site using AutoDock and AutoDock Vina. The results were the interaction with the compound (ligand) towards the target macromolecule and binding energy. The virtual screening results were sorted by binding energy from the smallest to the largest.
Evaluation based on Lipinski's rule of five
The result of virtual screening was evaluated by Rule of Five, whether the compound violates the ROF or not. Evaluation ROF using KNIME software. The selected compounds which had score 0 of ROF.
Visualization and analysis of protein-ligand interaction
The results of virtual screening from AutoDock (*.dlg) and AutoDock Vina (*.pdbqt) were converted to *.pdb that could enable to visualize protein-ligand interactions using LigandScout.
RESULTS
Optimization of docking method
The docking was performed at the coordinate of the binding site x = 45.69; y = 35.74; z = 9.968. An analysis of RMSD and binding free energy obtained a good value of RMSD which was below 2 Å, whereas the value of binding free energy showed more negative which was better because the energy required ligands to bind to the receptor becomes lower. The results of redocking using AutoDock can be seen in Table 1 while using AutoDock Vina can be seen in Table 2 .
Validation of virtual screening method
The docking parameter was varied to produce lower negative binding energy; value of area under curve (AUC) higher than 0.5 and value of Enrichment Factor (EF) higher than 1. However, since the actives and decoys of this research were from DUD-E, the AUC and EF of DUD-E were also considered. The AUC and EF of this study should exceed the AUC and EF of DUD-E so that the docking method may be better than the DUD-E. The values of ROC and EF DUD-E were 0.7065 and 22.8, respectively.
The result of validation by using AutoDock showed all lines of the ROC curve were above the random value line (Figure 3 ). Based on Table 3 , the values of AUC and EF of this study have exceeded the AUC and EF of DUD-E values. Virtual screening using dimension 80×80×80 of grid box showed the most EF 1% and sort the active compounds most effectively. This result showed for virtual screening using AutoDock 80×80×80.
The results of validation using AutoDock Vina can be seen in Figure  4 that all lines of the ROC curve were above the random value line.
Based on Table 4 , it showed that the AUC of this study had exceeded the AUC of DUD-E, while the EF of this study has not exceeded the EF of DUD-E.
Therefore, the virtual screening method using AutoDock Vina was less good. So virtual screening was not performed by using the AutoDock Vina parameter, but only the AutoDock parameter.
Virtual screening
Virtual screening was performed on 1412 ligands from HerbalDB and 821 ligands from the updated Indonesian herbal, so the total was 2233 ligands. Docking was performed only using AutoDock on PyRx. The used parameters were (1) Table 5 . Candidates of active compounds had the value of binding energy was ≤ -8.0 kcal/mol which has been included quite well.
Evaluation based on Lipinski's rule of five
The evaluation of ROF was performed on 31 candidate compounds having the lowest binding energy to obtain candidate compounds that have good permeability. The selected compounds were compounds that not violate the ROF.
According to Christopher A. Lipinski, the poor permeability when: the molecule had more than 5 hydrogen bond donors and more than 10 hydrogen bond acceptors, the molecular weight was more than 500 Da and logP was more than 5. Moreover, rotatable bond count more than 10 was also a rule violation. 12 In the Table 5 , ROF scores indicated the number of violations; score 0 stated no violation. The greater ROF score, the more ROF violations. N/A indicated the absence of information about the determination of the ROF because of the mismatch between the smiles format with the chemical structure. One or two in five rules were violated which was molecular weight, logP and RBC which exceeds the rules. This will affect the poor permeability.
From the results of ROF evaluation, obtained five compounds that have a score of 0 and shown in Table 6 . Since the AMPA receptor was in the brain, the delivery of drugs will be more efficient if it can penetrate the blood-brain barrier. Drugs can penetrate the blood-brain barrier if drugs had BM <400 Da and form <8 hydrogen bonds. 13 Therefore, progesterone and boeravinone F potentially can penetrate the bloodbrain barrier.
Visualization and analysis of protein-ligand interaction
Visualization of screening results using LigandScout aims to show the interaction between herbal compounds with amino acid residues in two-dimensional and three-dimensional forms. Based on previous research, amino acid residues that have potential as active sites with competitive antagonistic effects on AMPA receptors include GLU402, TYR450, PRO478, LEU479, THR480, ARG485, THR686, GLU705 and SER654. 12 The macromolecule-ligand interaction in the previous study had differences with PDB ID 3UA8 in numbers of amino acid residue.
However, the amino acid residue of the previous study correlated with amino acid residues of PDB ID 3UA8. According to PDB ID 3UA8, amino acid residues at active sites include GLU13, TYR61, PRO89, THR91, ARG96 and THR174. For more details, the conversion of the number of amino acid residue in the previous study with PDB ID 3UA8 shown in Table 7 . Furthermore, the interaction of compounds with the amino acid residues presented in Table 8 . These results showed that the five candidate compounds potentially had competitive AMPA receptor antagonist because they had some interaction with the amino acid residues on the active site according to the previous study. In addition, most compounds bind to TYR61 and THR91, that might indicate they played an important role in the site active of competitive AMPA receptor antagonist.
DISCUSSION
Macromolecule 3UA8 is a structure of the GRIA2 subunit of the AMPA receptor which binds to the ligand cocrystal 08W (6-amino quinazolinedione) in the A chain. This ligand acted as a competitive AMPA receptor antagonist. Therefore, the determination of coordinate of the binding site was performed by placed the grid box in the centre on the ligand. 15 Agaricus blazei came from the family Agaricaceae. These plants can grow in tropical and subtropical regions, including Indonesia. 16 Progesterone was found in the bulb of Allium cepa and tuber of Solanum tuberosum. 17 Allium cepa comes from the family Liliaceae Amino acid  PDB ID 3UA8  GLU402  GLU13  TYR450  TYR61  PRO478  PRO89  LEU479  LEU90  THR480  THR91  ARG485  ARG96  THR686  THR174  GLU705 GLU193 SER654 SER142 and Solanum tuberosum comes from the family Solanaceae. Allium cepa and Solanum tuberosum grow a lot in Indonesia. Nimolicinol was a limonoid compound which isolated from the seeds of Azadirachta indica. 18 Azadirachta indica came from the family Meliaceae. Azadirachta indica grows in Java, Bali, Lombok and Sulawesi. 19 Boeravinone F was a flavonoid of a boeravinone compound which isolated from the roots of Boerhavia diffusa and Mirabilis jalapa. 14 
CONCLUSION
The database of a chemical compound of Indonesian herbal was compiled based on literature and KNApSAcK database. Compounds were made manually using MarvinSketch based on references from PubChem and KNApSAcK. The total structure of the compounds was 824 compounds. After a virtual screening, evaluation of ROF and analysis the interaction, five potential candidates of the active compound as an AMPA receptor antagonist have good permeation capabilities such as sanggenol O, blazeispirol X, progesterone, nimolicinol and boeravinone F.
